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ABSTRACT

A series of experiments were conducted with 0.5 mil
plated coatings on steel exposed to heat in vacuum. The
plated coatings were cadmium, zinc, lead, nickel, agg tin.
Test conditions were exposure to vacuum at 1.5 x 10
torr and temperatures from 200° to 675°F. Periodic weight
change measurements were made in room atmosphere using an
analytical balance. Only slight variations of weight were
observed with tests of lead, nickel and tin, and no
significant losses under the conditions used. At their
respective melting points, lead and tin softened and the
coatings coalesced to form drops at the edges of the
specimens.

Cadmium volatilized at rates of 3.0 to 7.6 mgm/cmz/
day for temperatures at 400°F. By reference to initial
coating weights, the cadmium coatings were completely
evaporated.

Zinc coatings behaved in an unusual magner. An
initial rate of weight loss occurred at 435 only to
decrease to zerc at 45COF with apparent constant weight.
With increased temperature a rgte of loss was resumed
and rates of 4.5 to 6.5 mgm/cm</day occurred at 550°F
to a total loss of 90% coating weight. No further loss
was observed through 675°F. By reference to initial
coating weights, the zinc coatings were not completely
evaporated. Plateaus of constazt weight predominated
at 450° although shallow slopes were noted at 475°F.
Weight losses at these points varied from 22% to 30% of
initial coating. Another phenomenon observed was the
formation of a powdery layer when specimens were started
at test temperature of 450°F. When brushed, this powder
accounted for approximately 11% of coating weight and
although substantial zinc was still present, further
test and brushing gave no more powder loss. Time did
not a2llow the identification of the powder and study of
the surfaces.
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RECOMMENDAT IONS

Several avenues of exploration have been svggesied
by the results of this work. The effect of piating
solution cyanide concentration on plated coatings in
vacuum and the study of the surface changes of the zinc
are particularly recommended for future work. On the
hasis of resistance to evaporation effects, it is
recommended that zinc be used rather than cadmium as a
protective coating for hardware, etc., that may be sub-
Jected to moderate temperatures in high vacuum.
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WEIGHT 1.0S5S OF PLATED METALS HEATED IN VACUUM

OBJECT

To datermine the weight loss of plated coatings
subjected to heating in vacuum.

INTRODUCT ION

Interest in space explcration, as well as the increasing
ability of vehicles to apprecach 100 mile altitudes has (1)
required knowledge of behavior of materials in vacuum. /
Presiu"*s at these al}%?udes are in the order of high vacuum
(10™% to 10~ torr). Except for occasional recorded
determinations of vapor pressure in critical tables and
handbooks, very little useable data has been available for
the evaluation of metals and their behavior in vacuum. By
application of thermodynamic principles, estimations of
vapor pressures and evaporation ?gfgsts for various metals
and temperatures have been made.

These calculations indicate that several metals,
notably cadmium, zinc and magnesium, will sublime readily
in the vacuum conditions of space. The actual effects will
depend npon the temperature, pressure, and time. For
extended periods of months or years in space these materials
are inadequate for construction or protection as indicated
theoretically. However, cadmium and zinc are two of the
most effective protective metal coatings available for use
on the ground. Recognizing fhat many items will be required
to spend their major service life on the ground, perhaps
alternating with projections intc and recovery from high
vacuum, interest was generated in the experimental behavior
of these metals at moderate temperatures and short exposures
in vacuum.

From a previous project (5) it was known that protective
behavior of cadmium and zinc was not appreciably lessened
by heating in vacuum except as temperatures were high enough
to accelerate evaporation ot the metals. Information was
sought in this work in regard to the rate and completeness
of metal loss.

EXPERIMENTAL PROCEDURE

Mild steel planchets 1/16 inch thick by 1 inch diameter
were vapor degreased, electro-alkaline derusted, weighed,
plated, weighed again, and then subjected to the vacuum test
conditions. Plated coatings were cadmium, lead, nickel, tin,
and zinc. Solution compositions for deposition of these
metals are summarized in Table I. Specimens were prepared by
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.5 mil, althcugh the depecsit weight was used as the
test parameter.

plating in traplicate to a thickness of approxirately
0

Test condarions were imposed by placing the specimens
in a vacuum chamber and heating the chamber to a selecteg
temperatvre. The average vacuum ccnditicn was 1.5 x 10°
terr. Exposure periods were regalated in twe patterns.

In the firs. pattern heat was applied for <+he full 24 hcur
period with only sufficient time cut of test for weight
determinatinns !less than an hour}. The second pattern
invelved hearting f~r approximately 8 hcurs with cool:ng

1in the vacuum for the remainder of the 24 hour pericd
before weight measurement., Weighing was done in rrcm
“emperature a*mosphere using an analytical balance.

Tes's were accomplished bv starting az a selected
initial temperarure and raising the temperature pericdically
as changes were cbserved to cccur {or not cccur). The
widest range used began at 200°F and ended at 675°F after
a total of 53 days of exposure. Shorter durat;on tests
were run at temperatures between 4007 and 550°F.

EXPER IMENTAL RESULTS

Continued exposure of srecimens at periodically
inrcreased temperatures resulted in no appreciable weight
changes of the lead, tin., or nickel coatings. At th:ir
melting points the tin and lead coatings melted and
ccalesced at the bottom edges <f <he specimens Other
than slight darkening, which appeared to be a charateristic
of the bright nickel plate at higher temperatures the
nickel coatings were unaffected “hrcughout the 675°F
temperature range.

The cadmium coatings showed an 1nitial 24 hour weight
loss* of 1% a* 375°F, and continued to lose weight at a
progressively 1ncrea51ng rate (see Figure 1). Increasing
the temperature to 400° and then 435°F caused a fur*bﬁr
increase 1n rate. Maximum rates of 3.0 to 7.6 mgm/cm“/
day cccurred at 400°F. Some specimens lcst 99% of the
initial coating weight in apprcximately 6 days after
appreciable weight loss began. The specimens plated from
the low cyaride solution shcocwed a slower rate of lass “han
those placed frem the high cyanide sclution. In both
cases the specimens returned to 1nitial uncoated weight,
indicating a complete loss of coating

*# All weight losses are 1in terms cf initial coating weight.
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Zinc specimens behaved in a most peculiar manner .,
Coating weight loss of 1% in 24 hours occurred at 435F.
The rate of loss, however, cdecreased with continued
exposure and dropped to almost zero. (See Figure 2). As
the temperature was increased from 450° to 500°F, further
weight losses were only minor. At 525°F the rate increased
slightly. At 5500F a very rapid rate c«f 4.5 to 6.5 mgm/
cm®/day resulted in 90% loss of coating weight. No further
loss occurred for the duration of the test temperatures
through 675°F.

The unusual behavior of zinc at temperatures between
400° and 550°F prompted tests to determine whether the
change in rate was caused by interruption of the test
for wseight determinations. Zinc specimens were exposed to
a continuous test of 24 hours in vacuum at 450°F. The
average coating weight loss was 22 1/2 %. No loss occurred
at the second and third similar periods under the same
conditions. A group of specimens heated under the same
conditions for 6 hours lost 4.4% of weight. After 24 hours
additional exposure the specimens had lost a total of
21.4%. This value remained the same after 16 hours of
added exposure. See Table II and Figure 3.

During the next few tests some difficulty was encoun-
tered with spalling of portions of the high cyanide plate.
Considerable time was lost in attempting to locate the
source of the problem since no trouble had been observed
in any of the previous tests. All solutions and procedures
were checked. New solutions were finally prepared.
Concurrently with the spalling difficulties it was observed
that the non-spalled specimens appeared streaked. Brushing
with soft brush removed a powdery smut. Specimens were
then prepared, exposed at 4500F, weighed as _.ested,
brushed, and weigh~d again. The initial weight loss by
evaporation was anproximately 19%; the secondary loss by
brushing was 11.7% for a total loss of 30.7%. Upcn con-
tinued heating at 4:09F no further loss was observed.

In another test of 21 hours duration at the same
temperature (450°F) specimens were brushed with similar
results: 15.7% evaporatior loss; 10.7% loss by brushing,
for a total of 26.4%.

Specimens were exposed for 8 hour heat periods
beginning at 400°F; 450°F; and 475°F. Weight determinations
were made as removed from test and again after brushing
the specimens. Results are tabulated in Tables III, 1V,
and V and are shown graphically in Figures 4, 5, and 6.

(1]
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TABLE 11X

Zinc Coating Weight Loss (.5 mil)
450°F 1.5 x 1079 torr

| Heated Weight Total
Test Period Change Loss
(hours) (%) (%)
1 24 22.8 22.5
24 0 22.5
24 0 22.5
2 6 4.4 4.4
24 17, 21.4
16 0 21.4
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TABLL 111
WEIGHT LOSS OF ZINC PLATE

INITIAL TEMPERATURE 400°F

TEMP. OF o
AVERAGE o COATING WEIGHT LOSS
8 HOUR AS TESTED | AS BRUSHED TOTAL
PERIODS AS BRUS
400 0 0 0
400 0 0 0
450 19.1 11.7 30.8
450 0 0 30.8
450 0 0 30.8
475 <1 0
475 <1 0 31.7
500 0 0 31.7
500 0 0 31.7
525% 40.2 0 71.9
350% 17.8 0 89.7
§
TABLE IV
WEIGHT LOSS OF ZINC PLATE
INITIAL TEMPERATURE 450°F
TEMP. °F % COATING WEIGHT 1OSS
FOR 8 HR.
PER 10DS AS TLSTED AS BRUSHED TOTAL
450 29.2 11.4 40.6
475 1.9 0 42.5
475 1.1 0 43.6
500 1.0 0 44.6
s00 2.9 0 47.5
525% 48.5 J 96.
550% 0 0 96
* 23 hours
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TABLE V

WEIGHT LOSS OF ZINC PLATE

INITIAL TEMPERATURE 475°F

TEMP., OF

FOR & HR. % COATING WEIGHT LOSS

PERIODS AS TESTED | AS BRUSHED| TOTAL
475 55. 1.9 56.9
475 5. 0 61.9
500 7.8 0 69.7
500 9.9 0 79.6
525% 16.7 0 96.3
550% 0 0 96.3

* 23 hours

Appearance changes were slight for any of the metals
up to 350°F. The cadmium plate developed pale yellow
areas at 375°F which increased in size as exposure con-
tinued. At 400°F the cadmium specimens were almost
completely yellow. This color remained until 475°F at
which time a faint iridescent blue appeared.

The zinc specimens shcocwed a slight difference in
appearance between coatings from the low and high cyanide
solutions in the test of longest duration. At 350°F
the low cyanide specimens became dull and a fuzzy area
developed at the bottom edge. This whiskes appearance
remained until the temperature reached 475°F. At 500°F,
the general appearance became one of irregular black
streaks which increased to a uniform cover at 530°F.

The black color was presumed to be iron oxide resulting
from periodic exposure of the specimens to the atmosphere
for weighing.

Nickel coatings became tarnished at 550°F. This
discoloration was believed to result from effects of
organic addition agents used as brighteners in the
plating solution.

The tin coatings melted and formed a small drop at
the bottom of each specimen. The drop did 5ot change
for the remainder of the exposure through 675°F,

13 64-233




Lead specimeus showed no appearance change until
the coatings melted to form drops %t the lower edges.
No further chunges occurred to 675°F.

DISCUSSION

Reviewing the course of the experiments in this
work indicated that more questions were produced than
could be dealt with systematically because of the time
element. From theoretical considerations it was expected
that graphical weight loss data would be accumulated
which would result in approximately straight line curves
of increasing slope for increasing temperatures. For
cadmium, this statement was nearly true. For zinc the
results were unexpected. With conditions of pressure
and temperature below the minimum needed to produce a
detectable weiglkt change, the rate of change is, of course,
zero. When the condi:iions are above this minimum it is
expected that a rate wilill become constant as long as a
volatile material is present and the conditions do not
change.

When the apparent equilibrium condition appeared in
the first test, more tests were undertaken at the approx-
imate median temperature of 450°F. Assuming that early
interruption of exposure to vacuum might result in a
passive response, tue tests were run comparing continuous
and intlerrupted exposure. The parallel values and constant
weight indicated that interruption was not a factor.

The weight loss observed at 450°F in a series of tests
ranged from 20 to 30% on the basis of evaporation. When
it was cbserved that a powder layer could be brushed away,
the total loss became slightly higher. It is interesting
to note that the powder did not recur after the initial
removal, and appeared to be relatively constant (11%)
for the coatings at 450°F. At higher temperatures the
amount of powder was either less as formed or became
volatile at these conditions. The powder does not prevent
the evaporation effects, (See Figure 7) and therefore is
not an explanation for the constant weight plateau.

It was also observed that the amount of loss (total)
was about the same for different thicknesses of zinc at
450°F . Specimens plated at approximately 0.5 mil lost 29%
of coating weight; specimens of 0.3 mil thickness lost 31%
of coating weight. This suggests that the coating thickness
is a factor either in the alloying effect with the specimen,
or the conversion of the surface. If it is assumed that
only a thin surface skin is converted to powder as other
m:tal is evapourated. the percentage of weight loss should
be much greater for a thin coating than for a heavier

14 64-233
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coating. If the assumption is mcde that for each unit of
metal evaporated there is a res‘'.lue of slag, so to speak,
an explanation would be offered :ior the relation of differ-
ent thicknesses of coating::. This cannot be valid, however,
because once completely brushed away the powder dces not
appear again. The powder is nevertheless related to the
sublimation effects at 450YF since it does not appear at

the 400°F tests which are below the det:ctable weight loss
conditieons.

The retenticn of 4 to 10% of initial zinc cocating
weight 1is not surprising, since zinc-iron-alloy layers are
the basis of zinc cementation or "Sherardizing'. Sherard-
izing is a diffusion in tbe solid state accomp11shed at
temperature ranges of 660 OF to 700°F and under certain
circumstances may be d?g? at temperatures above the melting
point of zinc (787°F). Diffusion also occurs at
temperatures lower than this and results in formation of
iron zinc alloys which could account for the erratic and
unusual evaporation effects observed. Formati?g of two
layers of varying composition have been fcund. The
extent of diffusion is dependent upon time and temperature,
thus for higher initial temperatures, as suggested by
the graphs in Figures 4, 5, and 6, the rate of evaporation
probably increases more rapidly than the diffusion rate
which forms the alloy. If this happens, the plateaus of
lessened weight loss will occur at higher loss level. No
completely satisfactery explanation is presently offered
since analysis of the powder and study of the surfaces
could not be accomplished at this time.

From the observations it appears that variations in
behavior can be expected from coatings plated from
solutions varying in cyanide concentration. For both
cyanide soluble metals used in this work, cadmium and
zinc, the rate of weight loss was slightly less for the
plate from the lower coacentrations of cyanide in the
plating solutions. In view of reports of ?listering or
frothing of deposits in missile devices, this phase
should be explored.

CONCLUS IONS

In consideration of usefulness of cadmium and zinc
as extensions of protective coatings from earth atmospheres
to high vacuum and moderate temperatures (350°F to 500°F)
cadmium is of no practical value. The strange behavior
o1 zinc suggests that for short period exposure it may
offer practical use, at estimated temperature ranges less
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than 450°F. The formation of an iron zinc alloy will

offer protective ability even though a major portion of
the zinc coatiag has been volatilized.

17 64-233




LITERATURE REFERENCES

Jaffe, L Nucleonics 19 p 93 (April 1961)

Forsyth, P.F., Bell Aerosystems Company Report No.
8500-920002 15 Jan 62 ASTIA Report No. AS 292929

Ham, J.L., Aerospace Eng. 20 p 20 (May 1961)

Jaffe, L. and Rittenhouse, J., Jet Propulsion Lab.
Technical Report No. 32-161

Wolff, R.H., '"Corrosion of Plated Metals Heated in
Vacuum™ Plating 50 p. 905 1963

Burns, R.M., and Bradley, W.W., '"Protective Coatings
for Metals'", p. 50; 111 Reink-~ld Publishing Corporation,
New York 1955

Kelley, F.C., "Metals Handbook,”"” p. 715, Cleveland
Ohio Am. Soc. for Metals 1948

Gilbert, L.O., Rock IslanJ Arsenal Laboratory Report
No. 63-1395

18 64-233




PRIOR REPORT

Wolff, R.H,, "Corrosion o

f Plated Metals Heated in
Vacuum” Plating S0 p 90

5-910 October 19263

19 64-233




DISTRIBUTION

Department ot Defense

Office ot the Director of Detense
Research & Engineering

ATTN: Mr. J. C. Barrett

Room 3D-108v, The Pentagon
Washington, D. C.

Advanced Research Project Agency
ATTN: Dr. G. Mock

The Pentagon

Washington, D. C.

Commander

Defense Documentation Center
ATTN: TIPDR

Cameron Station

Alexandria, Virginia 22314

Department of the Army - Technical Services

No. of Copies

Commanding General

U.S. Army Materiel Command
Room 2502, Bldg. T-7

ATTN: AMCRD-RS~CM
Washington, D. C. 20315

Commanding Officer
U.S, Army Chemical & Coating Laboratory
ATTN: Dr. C. Pickett
Technical Library
Aberdeen Proving Ground, Maryland 21005

Commanding General
U.S. Army Tank Automotive Center
ATTN: SMOTA-RLEM.Z
SMOTA-REM. 3
Warren, Michigan 48090

Commanding General
U.S. Army Weapons Conmmand
ATTN: AM>WE-RD
AMSWE-PP
Rock Island Arsenal
Rock Island, Illinois 61202

20

20

-

o

64-2373




DISTRIBUTION

Commanding General
U.S. Army Missile Command

ATTN: Documentation & Technical Information Br.

Mr, R. Fink - AMSMI-RKX

Mr. W. K. Thomas - AMSMI
Mr., E. J. Wheelahan - AMSMI-RSM
Redstone Arsenal, Alabama 35808

Commanding Officer

Frankford Arsenal

ATTN: SMUFA-1330
Library-0270

Phila iphia, Pennsylvania 19137

Commanding Officer

U.S. Army Materials Research Agency

Watertown Arsenal
ATTN: RPD
Watertown, Mass, 02170

Commanding Officer
Picatinny Arsenal

ATTN: Plastics & Packaging Lab.

PLASTEC
Dover, New Jersey 07801

Commanding Officer
Spriagfield Armory

ATTN: SYESP-TX
Springfield, Mass. 01101

Commanding Officer
Watertown Arsenal

ATTN: SMIWT-LX
Watertown, Mass. 02170

Commanding Officer

Watervliet Arsenal

ATTN: SWEWV-RDR

Watervliet, New York 12189

Commanding General

U.S. Army Munitions Command
Picatinny Arsenal

Dover, New Jersey 07801

21

No. of Copies

Pt e e N

e

|l

64-233



DISTRIBUTION

No. of Copies

Commanding Officer
U.S. Army Environmental Health Lab.
Army Chemical Center, Maryland 1

Commanding Officer

U.S. Army Chemical Warfare Laboratories

ATTN: Technical Library

Army Chemical Center, Maryland 1

Commanding Officer

Harry Diamond Laboratory

ATTN: Technical Library

Washington, D, C, 1

Director
U.S., Army Engineering Research and
Development Laboratories
ATTN: Materials Branch
Ft. Belvoir, Virginia 1

Commanding General
Guartermaster R&D Command
ATTN: Chemicals & Plastics Division

Natick, Massachusetts 1
Headquarters

U.S. Army Signal R&D Laboratory

Fort Monmouth, New Jersey 1

Department of the Army - Other Army Agencies

Commander

U.5. Army Research Office

Arlington Hall Station

Arlington, Virginia 1

Commander

U.S. Naval Research Laboratory

ATTN: Technical Information Center

Anacostia Station

Washington, D, C,. 1

Department of the Air Force

Commander

Wright Air Development Division

ATTN: ASRCN

Wright-Patterson Air Force Base, Ohio 2

29 64-233




DISTRIBUTION

No. of Copies

AMC Aeronautical Systems Center
ATTN: Manufacturing & Materials
Technology Division, LMBMO
Wright-Patterson Air Force Base, Ohio 2

Other Government Agencies

Scientific & Technical Information Facility
ATTN: NASA Representative (S-AK/DL)
Mr. B. G. Achhamner
Mr. G. C. Deutsch
Mr. R. V. Rhode
P. O, Box 5700
Bethesda, Maryland

P

George C. Marshall Space Flight Center

National Aeronautics & Space Administration

ATTN: M-FZAE-M 1
Dr. W. Lucas, M-S&M-M 1
Mr, W. A, Wilson, M-ME-M 1

Huntsville, Alabama

Jet Propulsion Laboratory

California Institute of Technology

ATTN: Dr. L. Jaffe

4800 Oak Grove Drive

Pasadena, California 1

Prevention of Deterioration Center

National Academy of Science

National Research Council

2).01 Constitution Avenue

Washington 25, D, C. 1

Office of Technical Services Stock
1200 South Eads Street
Arlington, Virginia 50

23 64-233




21wyd uWnywpe)
@31wld duy2
«3ur3Iwo) PINLA
uogIwwrIqQng
wnndws

QELAISSYIONN

vivid SNYWPED
s3lwld duig
sSuriwo) uaiuld
uogiwewyTQng
=nndwA

QRILISSYIdNN

D e n

N M eV

N

‘e

-

4840 (*1uo0))
POSTRLIUT uITA 4008y 18 o183 o031 paddoip ydtya
4oSCY 1¢ swoY IYNIRA O FIvws [WIITUT u¥ peunssy

SBuUTIVOD JUTZ - pa3ivioduae L(8151dm0D alsa SPUTIVOD

wnIWPY) o009 1% Lep/pmo /wdm 9 L O3 T JO s8IvL
1T PEZTEITIVI(OA WNIWPW) “UF] PUT ‘TSAITU ‘pwey

JO 81881 Qlta POALESQO a8 1yITIA O BUOTIVTIWA
YNy (s Atu0 -eduvmieq (wopiL(euw Lq essydsomis

®OOZ UT SPYW BI04 FIuswmIInswew JyYIrea DYpoOTJIed
40529 03 o00C ®WOJ] seaniviedwe) put ‘3303 __0OF

X C'] 3¢ mNnOYA 01 dansodxs siaa SUOTITPUOD mno&
UTl puw " (INDIC ‘PES] ‘DUTZ ‘enTwpEd siea sSuliwo)
SnnwaA uy Ivey 03 prsodxs [#31% uo sEuyivod payetd
IIW G 0 N3ITS PeIONPUOD e8iee sIuIETINAXd JO Saties y

130dex petJYeSEIOUN (PP8°(1°9(0S "ON PCD DMV
6E0~V-T00ET1~0-V~1 "OKR 3IDdaloaqg ya) 99IQvl ‘- snlly
T7UY "€ (2 ‘P9 usP $Z ‘£EZ-99 “deay "qwl vIN

Jstom H "M £a
WAIVA K1 Q3LVIH STVIIN Q3alvid 40 SSOT lLHOIia

SYourtit
pPuv¥is] 3OOy ‘'Kioiwioqe] [wuIss
‘ON UOTSESIDy av
4840 (*3u0))

PONuRexdUT QITA “L,08Y I3® O3z O paddoap yotua
4oSEY 3Iv ssol 14Brea Jo 3%s [PFIUT UR pemnEsw
sduyieod DUYZ paisioduas L1a3a1dwod »isa sIuTIVOD
snTEPR] 1,009 3% Awp/pEd/ulw 9°L O3 'C }O sejwl
1% POATITICIO4 WNTWPW) gg3 puv ‘TINIYT ‘pwey

JO 91981 G174 DPOAJISSGO 3I8a uPTSA O BUOTITTIEA
1g2Tts L3180 -eduvieq 1¥d1i1Atwue AQ arsudsowiv

003 UT SpWR 8i18a PIUSEIINSVEE IuFTaa dTpotied
3059 03 0002 W02} seaniviedus: puw ‘1101 ot

X YT 3¢ mnAdwA O} sxnsodxs SIsA SuO}ITPUOD muoh
uj3 pum '[INDFE ‘PYST ‘DUIzT '‘wntEped sisa sPurivo)
‘WnndeA BY 1%y 03 pesodxa 18d3s uo surieod pazerd
178 ¢°0 UITA PEIINPUOD Sisa SILMIIIXD IO SITISS ¥

130401 POTZTESEIOGN (998 IT 910§ "ON 2PoD OMV
6CO-Y=T00CI~0=¥~1 "OM 3130034 vQ) T31qe} '‘"snilsg
[oUT *d 1Z ‘¥9 uwp Bz ‘CLZ-¥9 "day -awl viw

33108 H ‘¥ £q
‘RAIOVA NI QEIVEN STVISR QUIVId 40 SSOT lADIlA

8708T 111
‘puvis] %20} 'K103830qW%] (woasiy puwmsl 330y
‘O UOTSSeIDY av

d8A0 ( s00))
pesvTeIduY UIta do0S¥ 3w oaez o) peddoap yoyya
doSEY 1% 8807 14STea JO 31¥1 [VTITUY UR pawnEus
sSugivod deyz ‘peiviodeas L(s321dw0d J1sa <AuTiwOD
WNTWPED o000 3® £wp Jud/udm 9 ¢ 03 0 £ Jo seIwI
1% pesiirivioa sniwde) GT1 puw ' LAYILuU NS}
JO 81981 ¥ITA DOAIESQO #1288 1ultaa O sUOII¥TIEA
19911s L1u0 Cedwerwq tworldiruw 49 slaydsow ®
wWO04 Uy SPVN 8184 WiUIEeINn<EL . 1uRTIC JTuuiiag
hOnhv 03 o00T W03} gspaniviaduey puv o203 L 0!
X ¢VT 1% WMARD®A O3 8INsOdxXS S1da SUOTITRUDL lser
uy3 PUE ‘[INITU ‘PEST ‘DUTZ ‘wnim"wd alaa sM.131%0)
-WnnO¥A uy 31884 O3 pesodxs [231s uo sPUTIECD po3eid

Ajvld snyupw) (-3 118 $°'0 WITA POIONPEOD I2A sjuaaTiadx® JO SHAtUVR ¢

83el{d dJuYz °» 130de: PRTIISSUIdUN (PP 11 AT0C ON 2007 Oy

REO-V~100CT-0-V-1 ON 37a(0ad v(Q) S31Qw1 ' ‘SA(1Y

=tugive) peivid € 1o8y 4 1z ‘wo uer tz "CET-ve i3y 1w VIN

uorivwyiang ¢ tJrom it o Aa

‘RANIVA NI (CLLVEH STIVAER (MRivid 40 SO LHVIXA

LOLEL 7 W { “toutlll

‘PUSIN] ¥OON ‘K10 wione] (euasy, puel [ Rd0¥

AIT4ISSVIONN O VOt SAIN, av
18A0 { 1L0))

pesvsaduy Yila dgUSh 3¢ oJez 03 peddoap yotua

d0SCP 1 S90[ 1ySyaa JO 31w [EIITUT UV pamnEsy

sBug31v0d duyy peiszodr A1a3a7dmod 31da £ERUTICOD

angeped 40000 3 Akep/ymd/ufm 9 ¢ O3 O'C }O sSdivwa

1v pestlViIvIoOA l:num-u uyl puv ‘18WITuU  pwer

30 S18831 HITA DOAISUQO AIdm IuITea O SUOTIETLEA

1yBrrs L7190 -eduwmTwq Te>ridlwuy Aq szaydsomiw

WOO2 UT SPYE dIaa M UIwIINSEIEW 1yRram Iypotasgd

honhu 03 00t ®wozx] geaniviadwuna) puw ‘1103 ._0Ot

x ¢Y1 19 wnnowa o1 sansodxs azam SUOTIFPIOD 1vey

"QYY puw ‘ravdtu ‘peIy DU ewNywWhed Aloe wAuTI190)

‘GnndYA oy 1904 0) paxodXx3d (aels uo «PuiiIwod> pajeld

23974 engepe) I38 C°0 NITA POIMNPUOD 22184 SI1UANTIPUXS O <07 20 ¥
1d0dez peygysseidun (Ppg 11 910§ ©ON 900) oMV
6€0~V¥-T00LT=0=¥=-1 oK 1d8laid vq) ssyawy ° sny(y
1ous ‘€ (g ‘wg uwr vz ‘c£eZ-¢9 "doy avl viy

Ield duIZz

3itoa H ¥ &a
‘WAJVA NI GRIVIN STIVIER QRlvid S0 SSO INOl1a
syoustty

H

1 4

sHutivn) peivid '€
uotyvwgrIng ¥

n

SNNOCA

e PUSISL_YIOY ' £103820Q¥T [VOBEL
gararssvionn ‘oK QOT*SaddY av

e ———— et e




‘880%jIns aql jo Lpnis v pus sepaocd oqa ‘S8OWIINS 2yl Jo Apnia e
pue aooand ayj

3O TUOTIWITIIIUSPY S4I AOTTW 310U PYP eyl ‘8807 Jepacd siow 00 savd JO uoY3edYJYIN 3 a0(t® j0u D E ] - >
Sujusniq pwe 3Ise3 I043xIng ‘a1uesead 1113is sea duyz Is730WIngns YInoqlte " i g roese 44 - U1z Ivrrees e Su e

Sojusniq puw 1se) 2843Iny ‘joesead [17IR Sta duyz 1¥TiLeIRQNR ysnoyjtre
.vld bY ¢y VY ?«wdon. Jo £11 A1e3wwmrxoxddw 10; psjuncone aspaocd $yY43 pes Iy2jea Surlvod O YY1 L1e3weyxoadde 103 pajrnoave ..c....uoa Muu:
poRenIq weyy do0Sy 3® suswydeds uo 1eiwy Liapaod w 30 wOT3IwmIO;) ‘pousnaq weya ‘do0C¥ 1% susEYdads uo tvlel Li29"m0d w 30 vojlwmao}

843 SvA peasseqo uosemoseyd aeqiouy ‘3073900 [WI3IjU} jO %20C ©3 %zz SR FEA PEAISNqO uOOswcuegd Isyjuuy - Ju
. F1®OD Terituy jO 4 (3} z
| %31 3!.&03' 3% sessol InBtey POIRIOARAS L191913wOD 08 easa W01} POTIRA L,0C) 1% 288907 I1yRies "pelwviodere :ouo_nlo...cmo: onn
sSuyiwnd Swyz unwd' .umu.oo %06 JO ®®PO] IWM101 ® 03 400SS 3% pOLINIOO  sPwy1wod dupg *1q8tea Suyivod %206 3o sSso1 (%103 v O) 40085 1%® peianddo
»‘\wloi €°9 01 $°9 JO SOI%1 DUV peEMSSI SEA SI1%1 ¥ sxniviedme) ha\ua\lbl $°9 01 ¢ % JO S61%1 DPUY PIWNESI S¥m I1WI ¢ aanyraiaduan

‘880%Jans 8yl jo Apnis ¥ pas 1apacd ayy

. "S8d%}iIns 3|l Jo Apnis v puw 12 wmod ayy
o 29 SOTIEITITINEPT 41 AOIIE 30U PIP SWIL “$307 iepacd a2i0w 0G Azl JO UOTIEITITIUGDY 43 SOITS 3100 DPID-wIL  SS0Y 219pmod audow ou aaed
TEASNRIQ pue 3803 Jeglang ‘jmesesd T1T3s sva duyz (wijumisgns y3noyijw Suigeniq puw 31803 a043ang ‘Juesead 111Is sea Ouyz Teriuvasan  yInoyite
 pas IyByea !m!oo 30 %11 Atejwwiyoiddr 107 pajunodds aspaod sy puv 1q8tea Buy3ieod jo §{1 A1e1wvwixoixdde 10; PeIUNGIDE 1a'mod <§yI
pogSnRIy soua 0Sh I1v ssemydeds uwo aslw( Liepaod w jo g90TIvmIO) ‘pegsniq uewy 'do0Sy I® suswyOeds uo JaLw] L1epmod ¥ O uoTIEWan]
41 Fua pessesqo smoseud ieqjowy -SuTivod IWIITET jO %0f O3 %Iy ®Y) Sva peaiseqo wOusmoueqd 1eqiouy ‘BUTIOD [ETITUT JO Y0r 01 12z
ﬂ"MM HM'.nohﬂlu“aﬂﬂuawwmdnulﬂo””“dnoo%ou:m'ww wﬂeuuuwﬁ WO1; POTIvA L0009 IV S6e0T INPIes 'pervioduAe L(2181dEOO j0uU Iiem
‘.' B ¢ . 1
ncv\ﬂlo\' €°9 01 S JO seler puV pewnses sua ow—m.u-nn sanjvaiedue; 3073900 du¥z 388764 BUTIv0D $06 JO SLOI 101 ¥ 01 4o0L§ IV PEIIAIIL

ulv\«lo\i $°9 O3 €'F JO S83I%] DUV DIENESI ERA #3VS ¥ sznyviadwa)

-SRI aes - >



